During a five year period (2011)(2012)(2013)(2014)(2015) research was carried out with spring wheat on a Bathihypogleyi-Calc(ar)ic Luvisol (LVk-gld-w) with predominant silt loam on clay loam. The main aim was to establish how different foliar fertilizers affect spring wheat when the optimum nitrogen (N), phosphorus (P), potassium (K) and sulphur (S) rates had been applied during the main fertilisation. The soil was well-drained and very high in plant-available phosphorus (P 2 O 5 ) and potassium (K 2 O), pH KCl 6.4-7.4. Each year, depending on agrochemical analyses done in spring, all treatments were applied with the same rates of mineral fertilizers. The experiments established that the foliar nutrition of spring wheat at the BBCH 29-30 stage with amino acids with amide nitrogen (Delfan 2.0 l ha -1 ) or microelements (Tradecorp Cu 0.8 kg ha -1 , Tradecorp Mn 1.0 kg ha -1 and Tradecorp Zn 1.0 kg ha -1 ) increased grain yield only in one year out of five, and ammonium sulphate (15.0 kg ha -1 ) and urea (6.7 kg ha -1 ) in two years. The average data of five years indicated that the foliar fertilisers used did not increase grain and straw yield statistically significantly and did not have significant influence on the content of crude protein and starch in grain.
Introduction
Top dressing through leaves has been used for quite a while in order to provide plants additionally with deficient chemical elements, especially microelements (Wójcik, 2004) . It is effective, when plants develop poorly or suffer from the deficiency of a plant nutrient (Malhi et al., 2005) . However, there is no finalised evidence how foliar fertilization acts under the conditions of intensive agriculture when soil is fertile, cultivated and balanced fertilization is applied according to agrochemical analyses of soil. Researchers have indicated that there is no need to apply foliar fertilization if soil conditions for plants are favourable and nutrition is optimum (Breuer et al., 2003) . Meanwhile, even under such conditions additional fertilization through leaves can reduce the stresses caused by climatic factors, which occur during plant growing period, therefore, some researchers indicate that the use of foliar fertilizers is an urgent response to the changes in the environment and within a plant, and such fertilization becomes an integral part of intensive farming (Babaeian et al., 2010; Sepiedeh et al., 2014; Begum et al., 2015) . While plants assimilate nitrogen and sulphur, it is important how the mineralisation of organic matter and plant residues, which is closely related to the weather conditions, takes place in the soil (Sierra et al., 2015) . If this process is slow and plants suffer stresses, foliar fertilization with amide nitrogen or amino acids is favourable (Staugaitis, Petrauskienė, 2006) .
It is important not to be late with this fertilization and to perform it at the tillering stage as insufficient supply of cereals with nitrogen results in poor formation of lateral shoots and fewer grains per ear (Imran, Gurmani, 2011) . Good results are achieved by foliar spraying of spring wheat with nitrogen and sulphur fertilizers -ammonium sulphate, especially when there is low content of plantavailable sulphur in the soil (Staugaitienė et al., 2013) ; and ammonium sulphate increased spring barley yield more than urea (Staugaitis et al., 2014) . Plants can suffer from the deficiency of microelements both when there is a lack of them in the soil and when unfavourable climatic conditions occur during the growing season: drought, excessive soil moisture and cold weather. When soil pH is > 7 or there is a surplus of a certain microelement, this often results in the shortage of copper, zinc or manganese (Wójcik, 2004; Cakmak, 2008; Begum et al., 2015) .
The influence of foliar fertilizers on different plants is unequal; it depends on a plant species and even on a variety (Fageria, Baligar, 2005; Fageria et al., 2006) . Fertilization through leaves with amino acids, microelements and sulphur influences plants favourably and increases the productivity of spring barley (Staugaitis, Petrauskienė, 2006; Pranckietienė et al., 2015) , sugar beet (Mekdad, Rady, 2016) , potatoes (Brar, Kaur, 2006) , maize (Peng et al., 2013) and vegetables (Bundinienė et al., 2007) . The experiments indicated that the productivity of spring wheat was increased by foliar fertilization with nitrogen, potassium and zinc fertilizers (Guenis et al., 2003; Zafar et al., 2016) . Spraying of spring barley with compound fertilizers results in the chlorophyll increase three days after application (Staugaitis, Pečkytė, 2008) .
The aim of our research was to investigate the influence of fertilizers of different composition containing nitrogen, sulphur, amino acids and microelements on the yield and quality of spring wheat. A fertile type of soil was chosen for the research where balanced fertilization was applied according to soil agrochemical analyses; foliar fertilization was carried out at the BBCH 29-30 stage. The experiments were carried out in the same field but in its different spots for five years.
Materials and methods
The field experiment was conducted in 2011-2015 at the Rumokai Experimental Station of the Lithuanian Research Centre for Agriculture and Forestry. During the experiment, spring wheat was fertilized with foliar fertilizers according to the following scheme: 1) control, no foliar fertilizer applied, 2) fertilized with nitrogen (N) and sulphur (S) -ammonium sulphate 15.0 kg ha -1 (3.1 kg ha -1 N, 3.5 kg ha -1 S), 3) fertilized with amide nitrogen -urea 6.7 kg ha -1 (3.1 kg ha -1 N), 4) fertilized with copper (Cu), manganese (Mn) and zinc (Zn) with EDTA -Tradecorp Cu 0.8 kg ha Soil samples for determination of pH, plantavailable P 2 O 5 and K 2 O content were collected from 0-20 cm soil layer of every replication from March 19 to April 20. At the same time soil samples were collected from 0-30 and 30-60 cm soil layers for the determination of the mineral nitrogen (N min ) and mineral sulphur (S min ) content. Soil pH was determined in 1 N KCl extraction using a potentiometric method (ISO 10390:2005) , plant-available P 2 O 5 and K 2 O content -Egner-RiehmDomingo (A-L) method, N min and S min content -in 1 M KCl extract (sample to solution ratio 1:2.5) using the colorimetric method. Plant-available microelements in the soil were determined as follows: Mn in 0.05 M H 2 SO 4 extraction (solution rate 1:10), Zn -in ammonium acetate extraction at pH 4.8, Cu -in 1 M HCl extraction (solution rate 1:10), boron (B) -in hot water extraction and molybdenum (Mo) -in ammonium oxalate extraction at pH 3.3 (solution rate 1:10).
The total size of the experimental plot was 36.0 m 2 , harvested area 26.4 m 2 . Four replications of each treatment were used; a randomised experimental design was applied. Spring wheat variety 'Triso' was cultivated; it was sown on April 10-26.
For weed control, at the end of the tillering The spring wheat was harvested on August 14-24. Before harvesting, wheat plant samples were taken from four spots of each plot within 0.25 m 2 area for the determination of productivity indicators. The grain collected from each experimental plot was weighed separately, grain moisture content and cleanness were determined, and grain and straw samples from replications 1 and 3 were collected for the determination of quality parameters. Spring wheat grain yield was expressed in moisture of 14% absolutely clean and air dried seed, straw yield -on absolutely dry matter. Total N content in plants was determined using Kjeldahl method; the total Kjeldahl N content multiplied by 6.25 gave the crude protein content. Starch content was determined using a polarimeter Polax21 (Atago Co. Ltd, Japan).
Statistical analyses of yield and plant biometric data were performed using the analysis of variance (ANOVA).
Soil. The experiment was conducted on a Bathihypogleyi-Calc(ar)ic Luvisol (LVk-gld-w). Soil texture was silt loam on loam and clay loam. The top of the carbonate horizon and the gleyicity traces were determined at the 60 cm depth. The soil and its agrochemical properties are presented in Table 2 . The pH value in the arable soil layer ranged from 6.4 to 7.4. N min and S min levels in 0-60 cm soil layer ranged from very high to very low. The content of plant-available P 2 O 5 at the 0-20 cm layer was very high and extreme and the content of plant-available K 2 O was high and very high. The microelement content in the arable soil layer ranged as follows: plant-available B levels were average and high (0.42-1.18 mg kg -1 ), plant-available Cu levels were average and high (2.49-3.40 mg kg -1 ), those of plant-available Mn were average and very high (78.4-129.3 mg kg -1 ), plant-available Mo -low and average (0.13-0.18 mg kg -1 ), and plant-available Zn -average and high (1.93-3.07 mg kg -1 ).
Weather conditions. In general, local climatic conditions are favourable for spring wheat cultivation; however, meteorological conditions of certain years have substantial influence on that. In 2011-2015 during wheat vegetation the mean daily temperature (Fig. 1 ) was higher compared with the same period in 1981-2010, and in certain years the rainfall (Fig. 2) was distributed very unevenly. In 2011, during the time of spring wheat development the mean daily temperature was close to the multiannual average, except for the first ten days of June which were extremely hot. At that time there was practically no rainfall and during tillering the plants suffered moisture deficiency for nearly two weeks.
Later the weather conditions were favourable for wheat; however, it was very rainy starting from the beginning of milk stage and during harvesting, the soil was wet and the grain in ears matured slowly.
In 2012, during the plant growing period the mean daily temperature was about 1°C higher compared with the climate normal, nevertheless, moisture was sufficient for plants until the end of July. That year the spring wheat germinated and tillered well; the highest number of stems was obtained per unit of area. The dry weather that prevailed from the second half of July favoured grain maturity.
The year of 2013 was special for the fact that starting from the beginning of May and continuing for nearly the entire growing season of spring wheat the mean daily temperature was higher than the multiannual average; during certain ten day periods the difference accounted for 0.5-3°C. The soil before sowing was normally moist; however, after sowing there was heavy rainfall (45.3 and 76.0 mm, respectively) during the last ten days of May and the first ten days of June which damaged the crop. There was excess moisture in the soil which resulted in the formation of crust, plant roots suffered from oxygen deficiency, which affected the development of productive stems and their number was the lowest during the whole five-year period. Later the soil moisture was normal, heat for plants was sufficient; nevertheless, recurring rains in the middle of July influenced the spread of wheat ear disease Fusarium graminearum.
In 2014, during the spring wheat growing season the mean daily temperature was close to the multiannual average, moisture in the soil was sufficient; therefore, the plants germinated and tillered well. Some marginal drop of temperature was recorded during the third ten days of June, at that time as well as during the first and second ten days of July more abundant rainfall (36.0-41.0 mm) was observed. It had no influence on the spring wheat and starting from the end of July warm and dry weather prevailed which was favourable for grain maturation.
During the observation period of 2015 the weather was cooler and drier and that was the only year, when the mean daily temperature was lower that the multiannual average. In June and during the first half of July, the soil moisture supplies were on the verge of deficiency; however, it did not have any substantial influence on the plants. The crop was not dense, but the ears yielded more grain and they were substantially heavier compared with the other experimental years.
Results
The influence of foliar fertilization on spring wheat yield and productivity components -number of productive stems, number of grains per ear and 1000 grain weight are presented in Table 3 .
Foliar fertilization had no significant effect on the number of productive stems. According to the average data of 2011-2015, the foliar fertilization of spring wheat with N, S, amino acids and microelements (treatments 2-6) did not increase the number of productive stems statistically significantly. Only in 2014 the foliar fertilization with urea (treatment 3) increased the number of productive stems from 657 to 703 per m 2 , or by 7.0%, with microelements (treatment 4) increased the number of productive stems from 657 to 707 per m 2 , or by 7.6%, with fertilizer Delfan containing N org and amino acids (treatment 5) -increased the number of productive stems from 657 up to 720 per m 2 , or by 9.6%, and the fertilization with a complex fertilizer containing N, S, amino acids and microelements (treatment 6) -increased the number of productive stems from 657 up to 774 per m 2 , or by 17.8%. That was the year when prior to foliar fertilization there had been no rain during the third ten days of May and there was moisture deficiency in the soil, and the mean daily temperature was 17.3°C or 2.3°C higher compared with the multiannual average. A statistically significant increase in the number of productive stems was achieved in 2011 as well by foliar fertilization with microelements (treatment 4) -the number of productive stems increased from 594 to 638 per m 2 , or by 7.4%. This fact shows that although during the five years foliar fertilisation statistically not increase the number of productive stems.
The evaluation of the influence of foliar fertilization carried out in 2011-2015 on the number of grains per ear and the 1000 grain weight did not yield statistically significant difference. However, the 1000 grain weight significantly increased from 35.48 to 36.55 g in 2011 and from 38.55 to 40.30 g in 2013 after foliar fertilization with ammonium sulphate (treatment 2). That year S min deficiency was recorded in the soil and fertilization with ammonium sulphate could have had influence on that.
While assessing the differences in wheat grain quality it was established that during all experimental years foliar fertilization did not have statistically significant influence on crude protein and starch content in grain Table 4 . (Table 5 ). According to the average data of five years, foliar fertilization did not increase grain yield statistically significantly, nevertheless, in 2013 and 2014 statistically significant yield increases were obtained. Foliar fertilization with N and S fertilizer (ammonium sulphate) in treatment 2 increased grain yield by 6.2% and 3.5% in 2013 and 2014, and fertilization with urea (treatment 3) -by 7.0% and 4.2%, respectively. In 2013, the grain yield was increased by 7.0% by applying a fertilizer with amidic nitrogen and amino acids Delfan (treatment 5).
Meanwhile, foliar fertilization increased the straw yield only in 2011, i.e. only during one year out of five (Table 6 ). That year foliar fertilization with urea (treatment 3) increased the straw yield by 12.4%, fertilizer containing amidic nitrogen and amino acids Delfan (treatment 5) -by 17.1%, and fertilizer containing of S, amino acids and microelements (treatment 6) -by 21.8%. Thus, the influence of foliar fertilization on the yields of spring wheat grain and straw manifested itself only in one year. During the experiment we tried to find correlation between the grain yield and quality, the grain yield and plant productivity indicators, however, no correlation was obtained. A negative correlation was found only in 2011 between the 1000 grain weight and crop density (r = −0.522**).
Discussion
The results obtained from the research revealed that foliar fertilization of spring wheat increased the grain yield only in two years out of five, and the average yield increase resulting from the foliar fertilization during all five years was −0.38-+2.11%. So, intensive cultivation technology of spring wheat foliar fertilization should be interpreted cautiously. Today, fertilizer manufacturing industry is highly specialised and advanced in this particular field and the range of foliar fertilizers manufactured is very broad. Positive influence of foliar fertilization with the recommended nutrients and biostimulants -N, S, amino acids and microelements on plant physiology was proved (Kalajia et al., 2014; Skwierawska et al., 2016) and was done field experiments with different plants (Brar, Kaur, 2006; Staugaitis, Petrauskienė, 2006; Peng et al., 2013; Mekdad, Rady, 2016) . However, when applying foliar fertilization, soil and its agrochemical properties should be considered. The influence of foliar fertilization is directly related to the deficiency of chemical elements essential for plants, and this influence is only marginally observed when these elements are in abundance. This is what we tried to analyse in our work. The soil was fertile and we adjusted optimal fertilizer rates according to each year's content of plant-available P 2 O 5 , K 2 O, N and S. Thus the result obtained was consistent -there was no need for foliar fertilization of spring wheat, and positive results were observed only in individual years.
Nevertheless, foliar fertilization required assessment in a different aspect as well. It is a measure of reducing plant stress. Stress occurs due to unfavourable meteorological conditions -high or low air temperature, drought, short-or long-term water logging, etc. (Doflerus, 2014; Trnka et al., 2014) . During our research we observed significant variations of air temperature and rainfall between years and within a year. Therefore, we believe that a single foliar spraying of spring wheat during the tillering stage could be insufficient, because to the formation of the grain in the ear passes a long time. Therefore, it is likely that one more foliar spraying should influence the positive impact of foliar fertilizers for wheat. The positive influence of two spraying applications with foliar fertilizers was observed for spring barley (Staugaitis, Petrauskienė, 2006) and sugar beet (Jakienė, 2011) . It is also important to assess the influence of the same foliar fertilizer on different species of crops, because spraying of spring barley with ammonium sulphate or urea resulted in a larger yield increase (Staugaitis et al., 2014) compared with the spring wheat of this experiment. Accurate forecasting of plant demand for vital nutrients should be performed according to the chemical composition of leaves (Breuer et al., 2003) , which proved correct in the experiments with spring barley (Staugaitis et al., 2014) . As ammonium sulphate and urea were distinguished for their positive effect on spring wheat in two years out of five in this research, therefore, the prospects of using them for foliar fertilization are perhaps the most promising. 2. Foliar fertilization of spring wheat at the BBCH 29-30 stage with ammonium sulphate (15.0 kg ha -1 ) and urea (6.7 kg ha -1 ) increased grain yield in two years out of five.
3. The applied foliar fertilizers did not have significant influence on the number of plants per area unit, number of grains per ear and the content of crude protein and starch accumulated in grain.
